In one episode with a clinical diagnosis of infiltrates, the BAL was positive for acid-fast bacteria, whereas the LFNA was negative. Chi-square analysis of the data revealed statistical significance with P < .0001 with 2 degrees of freedom, indicating LFNA to be a superior method for the diagnosis of pulmonary pathology over BAL. Based on our data, LFNA is the superior method for the cytologic diagnosis of pulmonary pathology amenable to cytologic examination.
Bronchoalveolar lavage (BAL) and lung fine-needle aspirate (LFNA) are commonly performed as the first line of investigation for a myriad of pulmonary problems associated with abnormal imaging findings (mass, cavitary lesion, infiltrates, etc.). BAL entails advancing a fiberoptic bronchoscope distally into a subsegment bronchus, followed by instillation of saline, which is retrieved along with cellular material from the lung (1) . The complications arising directly from BAL are generally minor and may include benign postbronchoscopy fever, short-lived declines in Pa O2 , laryngospasm, and, rarely, pneumothorax, hemothorax, or exacerbations of respiratory failure (1, 2) .
LFNA involves percutaneous introduction of a fine needle (Ͻ20 guage) into the lung, with visual assistance provided by computed tomography (CT; 3). The mortality of LFNA is 0.1%, as quoted in a combined series of 1562 patients (4) . Other investigators have had no deaths occur in their experience of Ͼ3000 thoracic FNA procedures (5) . Although fatalities may be rare, the rate of pneumothoraces secondary to LFNA reported in the literature varies in the range of 6 to 57% (6) . Hemoptysis or hemorrhagic complications range from 3 to 10% (7) . Other complications, such as air embolism and hemothorax, are extremely rare after LFNA (5) .
Previous studies have demonstrated high positive predictive values of LFNA for the diagnosis of lung cancer (8) . The true-positive rates for primary lung malignancies using LFNA (95 to 97%) and bronchial washings (60 to 61%) have remained consistent over the past 15 years (9), evidencing the superiority of LFNA as a diagnostic modality for the demonstration of malignancy. Interestingly, several studies in the 1980s demonstrated that BAL of immunosuppressed patients resulted in excellent sampling with high diagnostic yield and greater ease of differentiating viral and bacterial infections (10 -13) . However, the relative cytologic diagnostic sensitivities of these two procedures performed on the same patient for any single disease event (infectious or neoplastic) is not well established.
Past studies at the National Institutes of Health (NIH) have demonstrated experience with cytologic examination and diagnosis of pulmonary specimens from patients with chronic granulomatous disease (CGD), a rare inherited disorder in the pathway involving the oxidation of NADPH for the production of superoxide in phagocytic cells (14) . Specimens from such patients could be prepared and completed, including fungal stains, within several hours from the time of specimen acquisition (15) . Such expediency allows for prompt treatment of suspected fungal infections in the immunocompromised CGD patients. Cytology has proven to be highly sensitive in identifying fungus in patients with CGD. In fact, cytology has identified these infections in CGD patients with twice the success rate as have fungal cultures in the microbiology lab (16) .
Studies of cytologic specimens from patients with CGD led us to identify patient cases in which concurrent BAL and LFNA were performed for the same disease episode. In turn, this prompted us to retrospectively review all patient cases, regardless of the patient's preexisting condition, for closely timed BAL and LFNA diagnostic studies. The aim of this study was to compare the results of BAL and LFNA performed at close intervals on the same patient for a single disease event in an attempt to determine whether one technique was superior to the other.
MATERIALS AND METHODS
Cytology records from January 1989 to June 2000 at the NIH Clinical Center were searched for single pulmonary disease events with closely timed BAL and LFNA, as defined by both procedures occurring within Յ8 days of each other. The patient population of the NIH Clinical Center is protocol driven, with a majority of the patients having known malignancies, a primary immunosuppressive disease, or treatment-induced immunosuppression. Patient episodes were included in the study only if the clinical differential diagnoses of the BAL and the LFNA were similar for the closely timed procedures (i.e. Ͻ8 d). No samples with "unsatisfactory" diagnoses were considered for the analyses. Other than the timing of Յ8 days between procedures, no other selection criteria were used to determine which episodes were chosen for this analysis.
Because this study is retrospective, covering a 10-year period, not all of the BAL and LFNA specimens were treated with exacting uniformity. Currently, when the NIH cytopathology lab receives a BAL specimen, it is first triaged by a cytotechnologist by reading the accompanying history and evaluating two Diff-Quik cytospins. Extra cytospin preparations may be prepared for special studies, as determined by the cytopathologist. Typically, six more cytospins are made to use for Pap, silver, and acid-fast stains. At the NIH, the cytotechnologist assists the clinician in the collecting and fixation of all LFNA specimens. On returning to the laboratory, the cytotechnologist will have several different parts of the specimen to process: air-dried smears, alcohol-fixed smears, needle rinsings, and components of needle aspirates suspended in saline. If the sediment volume of the rinsing is scant, then only two cytospins are prepared. Should the rinse hold a large volume, it is used to prepare a cell block. Both air-dried smears and cell block paraffin-based sections are used for silver and acid-fast stains. The bronchoscopist or interventional radiologist makes the determination as to which specimen is forwarded to the microbiology lab.
We recorded diagnoses from both of the diagnostic procedures to track the success of identifying malignancy and/or an infectious etiologic agent. Other data, such as clinical diagnosis, clinical history, and dates of the procedures, was also acquired from the cytopathology reports.
RESULTS
Fifty-two episodes of closely timed BAL and LFNA procedures were identified in 45 patients for any single disease event. The interval between the procedures ranged from 0 to 8 days (65% within 3 days; Table 1 ). In a majority of the episodes, 30/52 (58%), the BAL preceded the LFNA. The BAL was performed the same day as the LFNA in 7 of the cases (13%), and the BAL was performed after the LFNA in 15 of the 52 episodes (29%).
Most of the patients, 25/45 (56%), had an immunosuppressive condition. The remaining patients had primary malignancies, 14/45 (31%); had a combination of immunosuppressive condition plus malignancy 2/45 (4%); or did not have a diagnostic category specified, 4/45 (9%). The volume of lavage fluid arising from the BAL procedures transported to our cytopathology lab was reported in 48 of the 52 cases. The fluid volume ranged from 3 mL to 50 mL, whereas the median volume reported was 12 mL. Most of the BAL specimens were processed by cytocentrifugation (50 of 52). The number of slides resulting varied from 2 to 10 slides, with 4 slides being the median number made from cytospins. Other kinds of preparations were made, such as Millipore filtrations, liquidbased slides, and cell blocks. However, these other methods were used with variation and were not consistently prepared for every case during the years 1989 to 2000.
The clinical scenarios for the diagnostic episodes were as follows: consolidation/infiltrate (60%), mass/nodule (23%), cavitary lesion (5.7%), pneumonia (5.7%), and not specified (5.7%; Fig. 1 ). For all cases examined (n ϭ 52), in 18 (35%) of the episodes, LFNA uniquely identified either malignancy, 6/18 (12%), or infectious agents, 12/18 (23%), with a corresponding non-diagnostic BAL (examples shown in Figs. 2-5 ). Of the six malignancies uniquely identified by LFNA, two of them were non-Hodgkin's lymphomas, and the remainder were single diagnoses each of non-small cell carcinoma, Kaposi's sarcoma, squamous cell carcinoma, and metastatic renal cell carcinoma. Fungal elements, usually Aspergillus species, were discovered in 11 of the 12 cases in which LFNA identified infectious disease. The remaining case was positive for acid-fast bacteria. Six of the 12 episodes positive for infection involved patients with CGD. Because all data were not available, comprehensive comparison of results of cultures from microbiology to the BAL/LFNA discoveries was not made.
A closer look at the data demonstrates that 7 of 12 (58%) infectious agents and three of the six (50%) neoplasias were identified only by LFNA on episodes of BAL and LFNA with Յ3 days elapsing between the two procedures. Five of six of the patients with chronic granulomatous disease were among those identified as positive for fungus only by LFNA with Յ3 days elapsed between BAL and LFNA.
Of the seven episodes in which the BAL and LFNA were performed the same day, a single infectious agent (Aspergillus) and a single neoplasm (metastatic renal cell carcinoma) were identified in two separate patients by LFNA, whereas the BAL was nondiagnostic. Furthermore, in 15 of the procedures yielding diagnoses, the LFNA preceded the BAL. In one of those episodes, the BAL procedure was positive for acid-fast bacteria, whereas the FNA was negative. In 3/15 of those episodes, LFNA uniquely identified fungal forms on three separate patients. LFNA also uniquely demonstrated squamous cell carcinoma in yet another patient from those 15 episodes in which LFNA took place before BAL.
When the patient episodes were segmented by clinical findings, LFNA uniquely identified either malignancy or infection in one third of the cases demonstrating a consolidation/infiltrate, a mass/ nodule, pneumonia, or a cavitary lesion (not statistically significant; Fig. 1 ). As mentioned previously, in one episode with a clinical diagnosis of infiltrates, the BAL was positive for acid-fast bacteria, whereas the LFNA was negative for both infection and malignancy. There were no cases found in which a patient was diagnosed by cytology with simultaneous malignancy and infection.
Chi-square test for independence of the data (performed using Microsoft Excel; Microsoft, Redmond, WA) revealed statistical significance with P Ͻ .0001 with 2 degrees of freedom, indicating LFNA to be a superior method for the diagnosis of pulmonary pathology over BAL in our data set ( Table 2) .
During this study, we were limited to a finite set of data. This prevented access to the complete medical records of the patients evaluated. As a result, we were not able to compare the relative costs of the procedures per patient or discover any untoward effects that the patients may have experienced resulting directly from being evaluated by BAL and/or LFNA.
DISCUSSION
The patient population of the NIH Clinical Center is protocol driven, with the majority having known malignancies, a primary immunosuppressive disease, or treatment-induced immunosuppression. In a comparison of patients with pulmonary pathology limited to neoplasia or infection, LFNA was the superior diagnostic modality for determination of the pulmonary disease process.
In patients in whom malignancy or opportunistic infection is suspected in the context of diffuse parenchymal disease, the current recommendations suggest routine use of transbronchial biopsy with or without BAL (17) . Should this diagnostic modality fail, along with inconclusive high-resolution CT, the standard practice is progression to lung biopsy.
Given the patient population at the NIH, infections may not be detected based solely on clinical symptoms but rather by imaging evidence in the more severe stages demanding prompt diagnosis for appropriate treatment.
Much like the case with any other clinical tool, there is no clear agreement on the appropriate use of the BAL (18) . Because the BAL procedure is associated with low morbidity and may promise a yield of clinical importance, physicians may perform a lavage under a variety of indications. The clearest indication for using BAL is in the diagnosis of opportunistic infections in the immunocompro- mised host (10, 13, 18) . BAL is a proven modality in the evaluation of interstitial lung disease (19) . Although not as widely accepted in the past, other investigators have deemed BAL to be an important tool for patients in whom malignancy of the lung is suspected (20) . The diagnostic yield in past studies for BAL has ranged from 65 to 76% (21-23) for confirming patients having carcinoma of the lung. In our study, a variety of indications were given on request for evaluation of cytologic specimens. Specifically, a consolidation or infiltrate was the indication in 60% of the cases, whereas a mass or cavitary lesion was the indication for 29% of the cases.
Although a majority of the specimens were evaluated for interstitial lesions, a sizable group of cases was evaluated for localized lesions. Regardless of the indication, LFNA at our institution prevailed in identifying the infectious agent or malignancy, at least in a third of the cases, whereas the BAL was negative. Two factors may have played some part in the lower diagnostic yield of the BAL procedures in our study. The first factor relates to the volume of BAL fluid submitted to the cytopathology lab, whereas the second factor relates to the vasotropism of the Aspergillus species.
The BAL technique, including total volume of saline instilled, varies widely among investigators and clinicians (24) . Generally, 200 to 300 mL of saline is used to sample the subsegmental areas of the lung under investigation (18) . The highest volume received on any case during this study was 50 mL and the lowest volume received was 3 mL, whereas the median volume was 12 mL. These volumes are low compared with the above-stated optimal volume, considering a portion of the sample is divided by some fraction to allow both the microbiology and the cytology departments to receive an amount adequate for processing and analysis. Given the poor condition of many of the patients admitted to the NIH clinical center, it is possible that many of the patients could not tolerate a lavage during these BAL procedures that would yield an optimal amount of fluid for investigation. Perhaps these generally low volumes in turn lead to decreased diagnostic yields for the BAL procedures.
The second reason for the lower diagnostic yield of a BAL relates to the pathophysiology of the Aspergillus species. It has been reported that the results of a BAL are positive in 80% of patients who have CT findings consistent with airway-invasive aspergillosis compared with a much lower yield of only 18% of patients who have CT findings consistent with angioinvasive aspergillosis (25) . Airway-invasive aspergillosis is characterized by the presence of bronchitis, bronchiolitis, and bronchopneumonia (26) ; thus, such an infection may likely yield a diagnostic BAL. On the other hand, angioinvasive aspergillosis is characterized by the presence of hemorrhagic infarcts and large nodules and is less likely to demonstrate a positive BAL (25) . The CT findings of angioinvasive aspergillosis show nodules, frequently with a halo of ground-glass attenuation, mass-like infiltrates, and areas of segmental consolidation caused by hemorrhagic infarcts (27) (28) (29) . This differs from the nonspecific CT findings of airway-invasive aspergillosis, usually showing the presence of bronchiolitis and peribronchial consolidation due to bronchopneumonia (30) .
This angioinvasive versus airway-invasive behavior of the aspergillus fungus may have had some bearing on our study. Twelve of the 14 infectious agents identified in this series were aspergillus. Comprehensive comparisons of NIH radiological studies to the particular cases cannot be made because all patients did not receive uniform CT or roentgenogram workups. However, given the difference in yield between BAL and LFNA in this current study, it is highly likely that some of the cases of aspergillosis had only an angioinvasive infection, allowing a negative BAL but a positive LFNA.
Assuming that the typical protocol is followed, a patient subject to LFNA has probably already undergone BAL. Therefore, collecting data for analysis on a patient having closely timed BAL and LFNA might represent a selection bias against BAL because progression to LFNA would not occur should the BAL confirm infection or neoplasia. In our study, we identified 22 episodes (of 52 total) in which the LFNA was performed either on the same day as or before the BAL. In 6/22 of those episodes, either an infectious agent or a neoplasia was identified. Thus, for at least a portion of patient episodes in our database, a selection bias against BAL was less likely with the LFNA taking place before or on the same day as the BAL.
As described previously, cytology is useful for the identification of infectious organisms in the pulmonary samples from patients with severe immunodeficiency syndromes (16) . The data from this study support previous findings that identification of fungus by LFNA is superior to that of BAL (15) . In addition to infectious agents, this study identified neoplasia using LFNA with greater success than with BAL. Although the patient population, again, 
